In this issue, two papers implicate histone H3 lysine 56 acetylation in histone deposition in chromatin. Li et al. (2008) show that acetylation of H3K56 promotes S phase chromatin assembly that is mediated by the histone chaperones CAF-1 and Rtt106. Chen et al. (2008) establish that the acetylation mark promotes chromatin reassembly following DNA double-strand break repair.
Evolution proceeds by the introduction of a mutation into a coding sequence in an organism's genome that is then selected for or against, but only if it causes a corresponding mutation in a protein sequence. Conversely, changes in DNA sequences that do not result in changes in protein sequences (synonymous mutations) are in general perceived as evolutionarily silent. Although the latter statements seem perfectly reasonable, they are not true. Evidence for selection against synonymous mutations has been found in many organisms. The most obvious explanation for this observation is that synonymous mutations might affect translational efficiency or fidelity. Kimchi-Sarfaty et al. (2007) recently showed that synonymous mutations can slow translation, thereby affecting the efficiency of cotranslational protein folding. An alternative mechanism was earlier proposed by Drummond et al. (2005) , who suggested that mutations that change optimal codons to nonoptimal codons would increase the frequency of mistranslation. The incorporation of incorrect amino acids into proteins tends to destabilize them relative to the wild-type sequence, increasing their propensity to misfold. Given that misfolded proteins tend to aggregate into toxic oligomers, increasing the amount of misfolded protein in a cell could be detrimental to the cell's evolutionary fitness. This is especially true if the misfolded protein can recruit wild-type folding intermediates into the aggregate. In this issue of Cell, Drummond and Wilke (2008) use a combination of data mining and computer simulation to demonstrate that misfolding as a consequence of translational infidelity is a general phenomenon that has far-reaching evolutionary implications.
Drummond and Wilke begin their study by confirming and extending a set of telling correlations. For example, they show that as mRNA expression levels increase in organisms as divergent as E. coli and humans, the rates of nonsynonymous and synonymous mutation decrease, whereas the fraction of optimal codons in these genes (F op ) increases. In fact, they provide a set of ten correlations that assess evolutionary rate, translational efficiency, or expression level. According to a principal component analysis, which evaluates complex data sets from the most informative viewpoint, a single underlying cause is found to explain these correlations-translational fidelity.
It is worth pausing here for an aside. Many readers of Cell may be surprised by the idea that ribosomal infidelity could be a source of problems for an organism-the authors of this preview certainly were. Typical frequencies of mistranslation for eukaryotes are indeed low, being on the order of one in 10 3 -10 4 . But a number quoted by Drummond and Wilke bears repeating here: At an error rate of 5 × 10 −4 , a 400-residue protein can be expected to contain at least one mistranslation-derived missense mutation 18% of the time. As mentioned above, missense mutations tend to destabilize proteins. Such destabilization is likely to have a significant impact on the thermodynamics of the fold, and an unpredictable but potentially disabling influence on the kinetics of folding. It is easy to see how having one 400-residue protein molecule out of every five destabilized relative to the wild-type could tax the machinery that maintains protein homeostasis (proteostasis), the highly conserved network of biological pathways that maintain the proteome for normal cellular function (Balch et al., 2008; Cohen et al., 2006) . In fact, Morimoto and colleagues have recently shown that the introduction of one protein prone to misfolding into a cell compromises that cell's ability to maintain proteostasis because other proteins begin to misfold and aggregate leading to proteotoxicity (Gidalevitz et al., 2006) . Challenging a cell's ability to maintain its proteome in this fashion could detrimentally affect evolutionary fitness.
To test their hypothesis that mistranslation-induced protein misfolding places a selection pressure on coding sequences, Drummond and Wilke created a large-scale simulation of molecular evolution involving 1000 "organisms," each with 500 genes. These genes were subject to random mutations and were translated with occasional mistranslation errors that accumulated at a rate dependent on the codons, with optimal codons (designated arbitrarily) being translated with the highest fidelity. After translation, the proteins were computationally folded. Mistranslated proteins that folded to unstable native states or misfolded to nonnative states were Protein misfolding is increasingly being recognized as a key process in organismal health and disease. Drummond and Wilke (2008) show that misfolding caused by mistakes during the translation of RNA into proteins (mistranslation) also results in a strong selection pressure to optimize translational fidelity, especially for proteins that are highly expressed.
assumed to decrease the fitness of the organisms, making them less likely to reproduce. When this simulation was analyzed, the same set of correlations among synonymous mutations, nonsynonymous mutations, and F op found in real organisms was found in the simulation. This was only observed if a fitness cost for protein misfolding was included in the simulation. Of course, vastly simplified representations of proteins were used in this simulation in order to make their folding computationally tractable, which means that some aspects of protein-folding energetics were left out of the model (such as the kinetics of folding). Nevertheless, simple models of protein folding have contributed greatly to our understanding of protein folding (Dill et al., 1995) . Drummond and Wilke's work demonstrates the power of such simple, exact models to get at the fundamentals of complicated phenomena. Drummond and Wilke's proposal that mistranslation-induced misfolding has a substantial impact on evolutionary fitness is logical, and it explains the data they present, but does this proposal make biological sense? We believe so. Greater amounts of mistranslated protein may lead to elevated levels of toxic aggregates, especially if these mistranslated-misfolded proteins could seed the aggregation of the wild-type proteins by capturing folding intermediates (Balch et al., 2008; Cohen et al., 2006) . More importantly, however, mistranslated proteins would definitely pose a burden on the proteostasis machinery in cells, leaving organisms more vulnerable to metabolic and environmental stresses (Cohen et al., 2006) and less able to handle other inherited aggregation-prone proteins. For example, the Drummond and Wilke model is reinforced by the observation of Gidalevitz et al. (2006) that coexpression of a marginally stable protein and an aggregation-prone protein can overwhelm proteostasis, leading to loss of function for the former and increased aggregation for the latter. In this scenario, illustrated in Figure 1 , the cumulative burden of mistranslation-induced protein misfolding would compromise the organism's ability to maintain aggregation-prone proteins (such as Aβ and α-synuclein) in a monomeric, nontoxic state. Extending this idea, we could predict that single nucleotide polymorphisms that decrease translational fidelity for proteins that are highly expressed in neurons will increase susceptibility to protein misfolding. Indeed, neurons were highlighted by Drummond and Wilke as highly susceptible to translational infidelity and the fitness cost of misfolding. The misfolding load imposed by translational infidelity could correlate with earlier age of onset for protein-misfolding-related neurodegenerative diseases, such as Alzheimer's disease and Parkinson's disease. A similar scenario could explain β cell stress and misfunction in type II diabetes, where the exceptionally high demand for insulin could, through mistranslation associated misfolding, compromise the β cells' ability to maintain proteostasis. This would be consistent with the amylin amyloidogenesis observed in type II diabetes (Hull et al., 2004) . Moreover, it has been shown that Hsp90 affects the expression of genetic variation and developmental stability in quantitative traits (Sangster et al., 2008) . Thus, translational infidelity could impose a significant load on the Hsp90 chaperone system, altering the buffering capacity of the proteostasis environment. Finally, poliovirus generated with underrepresented synonymous codons in the capsid protein rendered the virus less infectious and with reduced pathogenicity, revealing a potential strategy to quickly evolve a crippled virus for vaccine development (Coleman et al., 2008) . Thus, mistranslation-induced misfolding as proposed by Drummond and Wilke can reduce evolutionary fitness by compromising the proteostasis environment, perhaps contributing in unappreciated ways to organismal evolution.
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The authors thank J.W. Kelly for helpful discussions. Shown is the "misfolding potential" for each protein (blue dots) in a hypothetical organism plotted versus its expression level (left panel). Misfolding potential (the fitness cost) is the propensity of proteins to misfold and to become vulnerable to aggregation (leading to toxicity) or to degradation (leading to loss of function). The solid line is the "proteostasis threshold" (PT). PT defines the limits of the folding capacity of the cell. Introduction of synonymous mutations that change optimal codons to nonoptimal codons in highly expressed proteins increases their level of mistranslation and therefore increases their misfolding potential (arrows and red points in the middle panel) but does not necessarily result in their inability to be maintained by the proteostasis environment. It does, however, lower the PT for all proteins (curved arrow) because the increased levels of mistranslated protein will compete for the proteostasis machinery. In the presence of stress-triggering events or during aging (right panel), there is a decrease in the proteostasis capacity of an organism because of the increased misfolding load. This will further lower the PT (solid curved arrow). Alteration of the proteostasis capacity through transcriptional events controlled by heat shock factor 1, insulin growth factor receptor 1, caloric restriction, or the unfolded protein response pathways (Cohen et al. 2006; Balch et al. 2008 ) counters these effects (dotted curved arrow).
